Aims-High expression of the angiogenic factor vascular endothelial growth factor (VEGF) in tumours has been found to be associated with poor prognosis in some studies, but not in others. The aims of this study were to determine the prognostic value of VEGF in operable non-small cell lung cancer (NSCLC) and its possible association with vascularity.
Solid tumours require a functional vasculature to grow and metastasise. To achieve this, tumour cells produce angiogenic factors that induce the formation of new blood vessels from the pre-existing vasculature. 1 Vascular endothelial growth factor (VEGF) is a specific endothelial mitogen, and a potent inducer of vessel permeability and angiogenesis in vivo. 2 In animal studies, the inhibition of VEGF induced angiogenesis suppresses tumour growth, 3 and neutralisation of VEGF in established tumours results in apoptosis of immature blood vessels. 4 Both VEGF mRNA and protein are present in a variety of tumour types including lung carcinoma. 2 In these tumours, high expression of VEGF in tissue sections has been found to be associated with poor prognosis in squamous cell carcinoma, 5 6 non-small cell carcinoma, [7] [8] [9] [10] and stage I adenocarcinoma. 11 However, other studies showed that VEGF had no prognostic value in non-small cell carcinoma. 12 13 The prognostic value of VEGF concentrations in the serum of patients with lung cancer is also controversial: high expression has been associated with poor prognosis in small cell carcinoma, 14 but had no prognostic value in non-small lung carcinoma (NSCLC) 15 or various other types of lung tumours. 16 VEGF expression and vascularity were directly correlated in some studies, 8 11 17 18 but not in others. 12 19 The aim of our study was to ascertain the prognostic value of VEGF expression in operable NSCLC and its possible association with vascularity. In previous studies, VEGF expression in histological sections has been determined using a variety of antibodies and quantification methods. In view of the lack of a standard protocol, we measured VEGF expression by the consensus of two independent observers using three methods or VEGF indices. The antibody used in our study has been compared previously to three other VEGF specific antibodies and was found to give stronger and more reproducible staining in mesotheliomas.
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Materials and methods
PATIENTS AND SPECIMENS
Eighty one patients were selected from consecutive operative resections for NSCLC performed at the Cardio-Thoracic Centre, Liverpool, UK. The patients exhibited similar survival characteristics to those from a larger series previously reported and to the general NSCLC population. 21 Complete survival data were available for a follow up period of at least five years and only the most common NSCLC cell types-squamous cell or adenocarcinomas-were included. A representative formalin fixed tumour block was selected from each case on the basis of containing ample tumour areas and including tumour free margins. 22 
IMMUNOHISTOCHEMISTRY
VEGF was localised using a goat polyclonal specific antibody (IgG), raised against human rhVEGF 165 (Ab-293-NA; R&D Systems, Oxon UK). Standard techniques were used after optimisation of staining. 23 Briefly, histological sections (6 µm) were dewaxed in xylene, rehydrated through graded alcohols, and incubated with 0.3% H 2 O 2 for 30 minutes to block endogenous peroxidase activity. Sections were pretreated by incubating with Protease XXIV (Sigma, Poole, Dorset, UK) at 1 mg/ml in phosphate buVered saline (PBS) for 20 minutes. Non-specific binding was blocked by incubating the sections for 30 minutes in 100% normal rabbit serum (SAPU, Law Hospital, Carluke, UK). The sections were then incubated overnight at 4°C with the primary antibody diluted 1/400. Detection was carried out using biotinylated rabbit antigoat IgG and Vector Elite-ABC kit with DAB as detection substrate (all from Vector Laboratories, Peterborough, UK). Negative controls were incubated with normal goat IgG purified from serum (Dako). 24 Blood vessels were stained with rabbit polyclonal anti-von Willebrand factor (vWF) antibody (Dako, High Wycombe, UK) as described previously. 22 25 Normal rabbit IgG (Dako) was used for negative controls.
MEASUREMENT OF VASCULARITY.
Vascularity was measured by the average microvascular density (a-MVD) of vWF positive vessels, as described previously. 22 Briefly, a microscopic field of 0.5 mm 2 was defined by an eyepiece graticule at ×200 magnification. Any cell or cell cluster showing positive vWF staining and included within the field was counted as a single vessel. Eighteen random fields were counted across each section; the average value was calculated and expressed as vessels/mm 2 .
ASSESSMENT OF VEGF EXPRESSION
The staining of VEGF in the tumour epithelium was assessed according to three indices, namely: (1) percentage of area stained, (2) intensity of staining, and (3) final score (product of area and intensity). The intensity of staining was graded by comparison with preselected calibration slides as: 1, weak; 2, moderate; and 3, strong. Some samples were considered intermediate (for example, 1.5) and used as such to obtain the final score. For the purpose of statistical analyses, intermediate intensity scores were rounded up to the next value. The assessments were carried out independently by two observers, based on the same calibration slides, and the final results were obtained by consensus. All laboratory tests were performed without knowledge of the clinical data.
STATISTICAL ANALYSIS
Because the data obtained were not normally distributed, all analyses were performed by non-parametric tests using SPSS software (version 8; SPSS Inc, Chicago, Illinios, USA). Kaplan-Meier and log rank tests were used for survival analysis. Details of the various tests used are given under the appropriate experimental sections. A 95% level of confidence was used to define significant results.
Results
IMMUNOLOCALISATION OF VEGF IN LUNG TUMOURS AND ADJACENT NORMAL LUNG TISSUE
All 81 specimens showed VEGF immunoreactivity intracellularly in tumour epithelial cells, as well as in some inflammatory cells, blood vessels, and fibroblasts within the tumour stroma. In the adjacent normal lung tissue, VEGF was present in the normal bronchial and glandular epithelium, smooth muscle cells, endothelial cells, and some fibroblasts and inflammatory cells. Heterogeneous patterns of staining were seen among the tumour cells, with positive and negative areas sometimes found next to each other. association was found between any of the three VEGF indices and the clinicopathological characteristics of the patients (using MannWhitney, Kruskal-Wallis, and 2 tests). The VEGF intensity was the least informative of the indices because most of the specimens showed an intensity score of 2. However, the eVects of intensity are reflected in the final score, which is the product of area and intensity. Table 1 summarises the VEGF percentage and VEGF final score results.
Vascularity was measured by the average microvascular density of vWF positive vessels. As reported previously for a larger group of patients, 22 there was no association between vascularity and the clinicopathological parameters examined (results not shown). The possible association between vascularity and VEGF indices was investigated by Spearman's rank order and 2 (for VEGF intensity) tests. No significant correlations were found, with correlation coeYcients ranging from 0.00 to 0.18 and p values larger than 0.35.
ANALYSIS OF SURVIVAL.
Kaplan-Meier estimates of survival function according to vascularity and VEGF indices were analysed, splitting the data by both median and tercile values. Comparisons were made by the log rank test. Although there was a trend for improved survival in patients with low VEGF expression or with high vascularity, the diVerences were not significant for the 81 patients. Of the three VEGF indices, only VEGF percentage (when split by the median) reached a near significant p value (p = 0.06). VEGF indices and vascularity were also analysed separately for patients with diVerent tumour types (squamous cell carcinoma or adenocarcinoma) or UICC tumour stage (either I or II and IIIa combined). VEGF was not associated with survival in any of these cases (p > 0.11). In contrast, high vascularity was associated with longer survival (p = 0.01) in the combined group of stage II and IIIa patients (n = 36). Table 2 summarises these results.
Patients with high vascularity (median or above, n = 43) and low vascularity (below median, n = 38) were then divided according to VEGF percentage (also divided by the median). Four groups were obtained: (1) high vascularity and high VEGF (n = 23), (2) high vascularity and low VEGF (n = 20), (3) low vascularity and high VEGF (n = 20), and (4) low vascularity and low VEGF (n = 18). Figure  2 shows the Kaplan-Meier survival analysis for these four groups of patients. Comparisons by log rank tests indicated that, among patients with high vascularity, those with low VEGF had significantly improved survival compared with those with high VEGF (p = 0.025) ( fig  2A) . In contrast, low VEGF expression did not confer a survival advantage in patients with low vascularity (p = 0.69) ( fig 2B) . Patients with high vascularity and low VEGF also showed improved survival compared with those with low vascularity and high VEGF (p = 0.02).
The same results were obtained using VEGF final score. VEGF intensity was not divided into these four groups because of the small number of specimens with an intensity of 1 or 3.
Discussion
In tumour sections, VEGF mRNA has been localised by in situ hybridisation to the tumour cells, fibroblasts, and some inflammatory cells, but not to endothelial cells. 8 26 27 However, using immunohistochemistry, VEGF protein has been found in endothelial cells, 12 17 27 as well as in the tumour and other cells expressing VEGF mRNA. 8 27 28 These results suggest an angiogenic role for VEGF in various types of tumour, including NSCLC. Our results are in general agreement with previous reports regarding the immunolocalisation of VEGF in lung tumour cells. Unlike Fontanini et al, 8 but in agreement with others, 12 17 27 we found positive staining in endothelial and other stromal cells. Because VEGF is a potent angiogenic factor, its expression in lung tumours can be expected to be correlated directly with the vascularity of the tumour, assuming that vascularity is an index of angiogenesis. Such correlation has, in fact, been found in some studies, but not in others. We found no association between vascularity and VEGF expression, lending support to our previous data indicating that vascularity, assessed with pan-endothelial antibodies, does not necessarily represent angiogenesis in lung and breast tumours. 22 23 25 There is lack of consensus regarding the value of either vascularity (reviewed by Decaussin and colleagues 12 and Chandrachud and colleagues 22 ) or VEGF expression as tumour prognostic markers in NSCLC. We have previously suggested that discrepancies among studies might be the result of tumour heterogeneity 25 or diVerences in the methodology used. 23 For example, the method used to unmask epitopes in paraYn wax embedded sections can change the vascularity ranking among tumours, as well as the diVerence in vascularity between peritumour and intratumour stroma. 23 After immunolocalisation, the expression of VEGF has been evaluated by various means, including the percentage of cells stained, [7] [8] [9] intensity, 29 and a combination of these. 6 11 17 The percentage of cells stained is the most commonly used method, but cut oV values taken to define high and low VEGF expression have varied from 5% 30 31 to 70%.
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In our study, we obtained similar results using three indices of VEGF (percentage, intensity, final score). However, in oral tissues, discrepancies regarding VEGF expression have been observed when using diVerent VEGF indices or antibodies. These results highlight the need to standardise the methodology and determine the presence of specific VEGF isoforms in the tissues examined (R Baillie et al, 2000, unpublished data).
As found previously with a larger number of patients, 22 high vascularity tended to be associated with improved survival times, although the diVerence was not significant for most groups of patients (table 2). Our findings are consistent with the hypothesis that in large tumours, such as most resected NSCLCs, low vascularity results when a highly aggressive tumour grows at a faster rate than its vasculature, reflecting poor prognosis. In contrast, low vascularity in small or nascent tumours may reflect low angiogenic potential and good prognosis.
Various studies have found high VEGF expression to be associated with poor survival time in lung tumours. Although we found a similar trend, the diVerence was not significant for the full cohort of patients, or when analysed separately according to tumour type or stage. Interestingly, high VEGF expression was associated with poor survival in patients with high (fig 2A) , but had no discriminant value among patients with low vascularity ( fig  2B) . In a similar way, Mattern and colleagues 32 subdivided 87 patients with NSCLC into four groups according to low and high vascularity and proliferation. They found that a subgroup with low vascularity and high proliferation was characterised by high VEGF expression, increased incidence of metastases, and short survival times. Although these results and ours need to be confirmed with a larger number of patients, they suggest that the combination of VEGF and vascularity has prognostic value in NSCLC.
The antibody used in our study has been used previously to demonstrate high VEGF expression in mesotheliomas, in comparison with the low expression detected in adjacent normal tissues. 20 In our study, this antibody strongly stained the normal bronchial epithelium adjacent to tumours as well as other normal stromal cells (fig 1) . Apart from being present in tumours, VEGF has been localised in various normal tissues, being particularly abundant in lung. 33 34 These findings indicate that VEGF may play a physiological role in this tissue.
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